Ethiopia is a developing country, where majority of the population lives in rural areas without access to electricity. 83% of the total population of the country use traditional biomass energy as a basic source of energy. In contrast, the country is endowed with sufficient renewable energy resources which can be used as a standalone electric energy supply system for electrifying remote areas of the country. These resources are mainly micro hydropower and wind which can be used individually or the best combination of one another. The application of hybrid renewable energy system has become an important alternative solution for rural electrification program.
INTRODUCTION
There are no reasons that in the future our existence will be more and more dependent upon the energy. To satisfy their energy requirement, the people attention tends to electrical energy.
Electrical energy is considered as superior to all other forms due to cheapness, convenient and efficient transformation, easy to control, cleanness, greater flexibility and versatile form. It finds innumerable uses in home, industry, agriculture, transport, defense, aviation, public center, etc.
Electrical energy is not only for doing desired activities but also to improve quality of life of the people [1] .
Among the very many important forms of energy available to any country, electrical energy is one important energy form that has contributed substantially to rapid economic growth and industrialization. The desirability and usefulness of electrical energy to the world cannot be overemphasized. Electrical energy is useful in industrial, commercial and residential establishments.
Electrical energy is useful in all manufacturing, telecommunications, residential (lighting, heating, cooling, entertainment) and commercial activities [2] .
Electrical energy can be derived from diverse sources such as hydro (Electrical energy from water sources), nuclear, wind, solar (Energy from the sun) and the thermal sources. Therefore, the sources of electrical energy can be grouped into two main categories renewable and nonrenewable sources. Renewable sources are sources of energy which can be recovered within one's life time (taken to be 70 years) [2] .
Problem statement
Most of the remote rural areas of Ethiopia are not yet electrified. Electrifying the remote areas by extending grid system to these rural communities is difficult and not economical. As the current international trend in rural electrification is to utilize renewable energy resources; solar, wind, biomass, and micro hydro power systems can be seen as alternatives. Among these, wind, hydro and solar energy systems in stand-alone or hybrid forms are thought to be ideal solution for rural electrification due to abundant solar radiation and significant wind distribution availability nearby the rural community in Ethiopia. other limiting factor of wind and solar power generations [3] .
Based on the analysis of this master plan:
 Ethiopia has a potential of 45,000MW of energy from hydro  Ethiopia has a potential 1,350 of energy from wind  Ethiopia has annual total energy of 2.199milion TWh/annum So far, these vast renewable energy resources are not exploited sufficiently in the country, primarily due to the lack of scientific and methodological know how as regards planning, site selection, and technical implementation. A further constraint prohibiting their utilization is that the real potential of these resources is not well-known, partly because of the lack of research emphasis in developing these technologies.
Thus, in this thesis a hybrid renewable power generation system integrating these vast solar, hydro and wind resources is designed and modeled, to electrify the community living in Ashuda.
Objectives of the Study

General objective
The general objective of this study is to design, and model PV, hydro and Wind smart Micro -Grid
Power generation system for hybrid electrification of remote villages in Ashuda.
Specific objectives
 To study the solar photovoltaic, hydro and wind energy potential of the study area.
 To estimate loads for specific village and nearby community.
 To design smart micro-Grid renewable energy system for the village.
 To simulate the system with HOMER and MATLAB or Proteus software  To compare the investment cost of the hybrid system against the cost required to electrify the areas by extending the national grid.
Energy demand profile detail analysis
The first step in designing power system is determining the total power consumption of the study area. The size and cost of hybrid system components are highly influenced by the size of electrical loads. The necessary steps to estimate electricity required in the study area is to list all electrical appliances, estimate its rating power , multiply by number of hours used in each day and add up the watt hours for all appliances.
Accordingly, Average load demand per hour is 71.1KW.
Peak load = 2.1 LF is 0.072(given in homer), therefore peak load is 994KW
Installed capacity=peak load + loss (assume loss is 10% peak load, 99.4KW. installed capacity =Peak load + loss=99.4 +994=1093.4KW. Therefore the total electric energy demand of the village is 1093.4KW.
Wind system designing and sizing
The total electrical demand of the village is calculate as 71.6KW. In designing hybrid system 52 %( 37.2) is to be covered by wind power. The system loss is assumed 10%, therefore the installed capacity=37.2+37.2*0.1=40.9KW.
Wind Turbine Subsystem Model
The wind turbine is modeled by the power curve equation indicated in eq. (3.2).
For the available temperature data:
Where ρo is standard sea level atmospheric pressure, g is gravitational constant (9.81m/s 2 ), and z is the region elevation (m) [34] .
If pressure and temperature data is not available the formula in eq(3.3) is used for estimating the air density [34] Ρ=1.225-(1.194*10^-4)*z[ / 2.4
The air density (ρ) of the study area (Ashuda) is 1.147kg/m 3 (as it is calculated on the eq. (3.4).
The rotor area of PGE 20/25 wind turbine is 305 m 2 [35] . Coefficient of power of a wind turbine (Cp) is taken as 59% = 0.59. The hub heights of PGE 20/25 wind turbine are 24/30/36 meter [35] and for this study, 36m is used. Gear and generator efficiency of 95 % is also considered (hence, cumulative efficiency of gear-generator =0.95×0.95=90.25 %). With this detail's, the wind turbine in MATLAB/Simulink is given below in figure 2.1. Therefore, total number of modules of solar system, can be calculated as N=Ns*NP= 76 modules.
Assume a single solar module having 0.4m 2 cross sectional area ,the total area required for solar panel is can be calculated as follows AP=0.4*76=30.4m 2 .
The size of the Inverter is determined by the AC load required with consideration for surge power.
Inverter size should be 25-30% bigger than the total watts of the loads the specification inverter date obtained. Maximum AC load is 10.2kw, inverter constant is 1.25. Therefore Inverter rating is maximum AC x 1.25 = 27*1.25 = 12.75KW.
PV Subsystem Model
The equivalent circuit for the solar module arranged in NP parallel and NS series is shown in figure 3 .2 below. The terminal equation for the current and voltage of the array becomes expressed in eq. (3.6) as stated in [34] .
Where: IPH is a light generated current or photocurrent, IS is the cell saturation of dark current, q (= 1.6 ×10−19C) is an electron charge, k (= 1.38 ×10−23J/K) is a Boltzmann's constant, TC is the cell's working temperature, a is an ideal factor, RSH is a shunt resistance, and RS is a series resistance. The photocurrent mainly depends on the solar insolation and cell's working temperature, which is described as:
Where: ISC is the modules short-circuit current at a 25°C (TRef) and 1kW/m 2 , KI is the cells short- The specification of this module is found in the appendix A.
For a typical module cell, RS = 0.05 to 0.10 ohm and RSH = 200 to 300 ohms [37] . Therefore, for this study the average value of each, that is, RS = 0.075 and RSH = 250 is used.
Figure 2.3: Model of PV modules
On the other hand, the cell's saturation current varies with the cell temperature, which is described as [34] .
Where: IRS is the cell's reverse saturation current at a reference temperature and a solar radiation and Eg is the band gap energy (an energy range in a solid where no electron states can exist and it is equal to 1.11 for Silicon semiconductor [38] ) of the semiconductor used in the cell. The ideal factor a is dependent on PV technology and 1.3 is used for multi crystal solar module in this study from [34] . For easy simulation, the solar radiation intensity for a sample day is assumed to be of a Gaussian function which is defined as [34] :
Where: λmax is the maximal radiation intensity at a given time, tC is the center time, and σ is the standard deviation of Gaussian function. 
Micro hydro system designing and sizing
The design parameters of micro-hydro are H=10m, assume head loss =10%,h=10-10%=9.9m, designed flow rate is 0.163m 3 /s.
In designing the hybrid power system 35% (25.06) of the power demand of the village is covered by hydro, and to be calculated.
Assume loss is 10%.
Ph=71.6*0.35+25.06*0.1=27.6KW (The total generation capacity of the hydro system).
Hydro power subsystem model
To determine the hydropower output of a particular site requires two key parameters. These are 
Effective head (hef)
When water flows from the upper elevation to the lower one through medium channels and pipes, there is loss of energy as fractional drag and turbulence. As a result the gross head (hg) will be higher than the net head or effective head (hef) and the effective Head (hef) is the difference between the gross head (hg) and the head loss (hloss).
hef = hg -hloss
System efficiency (η)
The efficiency of the micro hydropower system is the combination the turbine efficiency ηt or water wheel and generator efficiency ηg. = * Then the realistic output power is estimated as = Y es ef 2.14 Where, Qdes.is the micro hydro power designed flow rate which is 0.163m 3 /sec (As calculated from eq 3.14).
Available from Kelta River micro hydro power generation is 13.6 kW.
Modelling of Controller
Here the PID controller is used as the controller. The error in speed is fed as input to the controller and PID controller attempts to reduce the difference between the actual speed and the reference speed by adjusting the constants of the controller. The name derives from three functions involved in calculating the corrections and is accordingly sometimes called three term control: P stands for proportional, I stand for integrator and D stands for derivative [40] controls. These values can be 
Modelling of Electro Hydro Servo System
In the model of hydro turbine governor servo motor is used to control the gate valve according to the signal of the controller. The controller nullifies the error in speed signal by sending a signal to the servo motor to control the valve.
The torque of the motor is the function of speed and error signal. 
2.23
 The velocity of water in penstock varies directly with gate opening.
 The developed output power of turbine is proportional to the product of head and velocity of flow.
Equation 24 and 25 [43] represents the flow rate and the developed mechanical power at the shaft respectively in terms gate opening of the system and the net head.
= √ 2.24
Where Q is Flow rate in m 3 /sec, G is gate opening in rad,
H is net head in meter. The developed power, Pm in turbine can be written as
Where, At=turbine gain, At= Qnl is the no load flow rate gfl and gnl are the full load and no load gate opening. 
Where, U is the velocity of the water in penstock and Ku is a proportional constant.
Once the velocity of the water in penstock is determined, the relation of flow rate, head could be established 3.23 and 3.24.
Q=Au 2.24
The acceleration of the fluid in the penstock is described by Equation 26 [37]
Where α is the acceleration due gravity, L is the length of penstock.
The mechanical power output is given by Pm=P -PL 2.26
Where, Pl is the fixed power loss in turbine due to friction. 
MATLAB/Simulink Model of Hydro Turbine Governor
Hydro turbine governor is a major part of hydro power plant. It is basically used for two purposes -firstly, it develops mechanical power at the shaft of the generator which is fed to the generator for production of electricity. And secondly, it controls the variation of speed of the generator such that the generated frequency remains constant. The PID controller, hydroelectric servo system and hydraulic turbine are the main components of the hydro turbine governor. The mathematical modelling and block formation has been done in the previous section of this chapter. These block model of components are connected in such a manner that the generated frequency remains constant. The block diagram of hydro turbine governor is shown in Figure 2 .14. The first element of the governor is PID controller. The error in speed and deviation of power is entered as input to the controller, which generate the position signal at the input of the hydro-electric servo motor.
Further the servo motor response by controlling the valve according to input signal to the servo mechanism. The valve is used to control the flow rate such that the generated frequency of the system remains constant. 
Proposed model using fuzzy logic controller for the hybrid system
The proposed hybrid system consist solar, micro-hydro and wind renewable energies. The capacity of electric generation in hybrid system is to satisfy the power demand on the atmospheric conditions. Fuzzy logic controller is used to control the power efficiently and to serve the power demand of the costumer.
The controller looks first at the load and switches the appropriate sources to meet the demand from the costumer side. Thus there is no need of battery and charge controller.
Basically comprehensive controller is essential to efficiently manage the energy balance between the total generation and the total demand. The important requirements of the standalone hybrid system are the availability of renewable energy resources, and the combination has formulated. 
Fuzzy Logic Controller algorithm
CONCLUSIONS
A hybrid power system which consists of hydro, PV-arrays and wind turbines with energy storing devices (battery bank) and power electronic devices has been presented to achieve an efficient and cost competitive system configuration so that hybrid power sources could improve the life of people especially in rural areas where electricity from the main grid has not reached yet.
After data collection and community load estimated, a hybrid power system containing PV, hydro and wind power units are studied. Then, with the optimized hybrid system, MATLAB/Simulink model is developed to examine the dynamic responses of the designed power system over 24 hours of typical day. Finally, grid extension from the closest substation has been designed for comparison cost against the designed hybrid power system.
The result of the dynamic responses of the dynamic model that contains the optimal hybrid system shows that the overall power management strategy is effective and the load demand is balanced successfully. Moreover, the inverter output voltage waveforms obtained from the inversion of battery bank terminal DC bus voltage also authenticate that such a hybrid system can supply electric energy to the end users with the required voltage magnitude and frequency levels.
Fuzzy logic controller is used to select the appropriate power source for the load depending on the resource available. According to the rules written on fuzzy logic control, the possible power sources can be wind energy alone, hybrid of wind and hydro, hybrid of wind and solar and hybrid of all. The intelligent controller is used to make intelligent decision by sensing the type and amount resource available, and then it selects appropriate alternative sources. The simulation result tells, the controller can supply the intended power demand in different cases (the output power from controller is from 5kw to 68kw to satisfy the electric demand of customer).
Finally, HOMER software is also used to compare the investment cost of the hybrid system against the cost required for extending the grid. As a result, it is found that the hybrid system is cost effective for an area which is found at a distance greater than 23.9km (which is the breakeven grid extension distance) from the existing grid found nearby. The study area is positioned below the breakeven grid extension distance (15km), current electricity tariff in the county (average 0.09 $/kWh) where the main source of electric energy is hydro-power supported by geothermal plants and recently integrated wind farms. The costs of the feasible system obtained in this study are high;
the COE is 0.0.642 dollars per kilowatt hour. In this regard, grid extension is preferable for the case study area. However, considering the shortage of power in the country in general and in rural areas in particular, rapid growth of industries in urban areas, its role in the protection of vegetation and forestry and the prevention of soil degradation, the improvement to the quality of life of the many people residing in the countryside and the future situation regarding fossil fuel sources, the cost of the hybrid should not be seen as a significant impact.
